INTRODUCTION
www.e-arm.org communication disorder in children, with a prevalence of approximately 5.95% [4, 5] . However, speech disorders in children also have similar prevalence rate, and it was reported that 7.5% of children from age 3-11 years require speech therapy due to articulation and phonological disorders [6] .
Speech, i.e., the oral communication of language, is the culmination of complex coordination of respiratory, velopharyngeal, laryngeal, and articulatory movements. Speech disorders are conditions where the patient experiences difficulties in performing these coordinations, and they are classified as articulation and phonological, fluency, or voice disorders [1] [2] [3] . Although these disorders have varying organic etiologies, including structural, neurological, and auditory causes, the most common etiology is idiopathic [7] . Primary articulation disorder is defined as a disability in articulation without other speech or linguistic disabilities, and without a known cause.
Inaccurate pronunciation is a common complaint observed in children visiting the outpatient clinic for further evaluation. On comprehensive speech and language evaluation, many show dysfunction not only with articulation, but also in other areas of language development. Considering that the therapeutic effects and the prognosis vary considerably across a wide spectrum of developmental problems, children who have isolated articulation disorders, and those who have accompanying language problems, must be differentiated.
Therefore, this study aims to analyze speech and linguistic features in children with developmental articulation disorder, and to compare the characteristics between children with isolated articulation disorder and those with accompanying language delay.
MATERIALS AND METHODS

Subjects
Among the children aged 3−7 years who visited the outpatient clinic of the Department of Physical Medicine and Rehabilitation between February 2007 and June 2015 with the chief complaint of inaccurate pronunciation, 117 children diagnosed with significant developmental articulation dysfunction (AD) were enrolled for this study.
The exclusion criteria were as follows: (1) children with AD due to secondary causes, such as organic brain lesion, cerebral palsy, genetic syndromes, autism spectrum disorder or intellectual disability, (2) children with anatomical problems in articulatory structure such as cleft palate, (3) children with hearing impairment, and (4) children who were unable to undergo standardized articulation assessments because of severe language developmental delay. Standardized assessments, including physical and neurological examination, developmental & cognitive assessment in all subjects, brain MRI, and hearing evaluation when required, were done to rule out AD caused by secondary causes.
Methods
Language ability was assessed using the Sequenced Language Scale for Infants (SELSI) or the Preschool Receptive-Expressive Language Scale (PRES), according to age and function. However, SELSI was also used for children aged >3 years whose language abilities were inadequate for PRES [8] . For the comprehensive speech and language assessment, receptive and expressive language quotients were defined as the percentage of receptive language age and expressive language age, both of which were divided by the chronological age of the patient. The criteria for developmental language delay was defined as the language age of the patient being below two standard deviations (SD) for SELSI, or their language age being delayed by at least 1 year compared to standard for PRES [8] [9] [10] .
Assessment of Phonology and Articulation for Children (APAC) was used to assess articulation in the child. This test evaluates preschoolers aged 30−77 months for their articulatory ability. APAC obtains information on the number of normal consonants pronounced among a total of 70 consonants using responses to words, percentage of consonants correct (PCC), SD of each consonant, and pattern of articulatory error [11, 12] . The criterion for articulation disorder is defined as being below 1 percentile of PCC when assessed with the number of normal consonants specific for the chronological age according to APAC. Based on the results of the comprehensive speech and language assessment, all subjects with articulation disorder were classified into two groups, depending on the presence of language delay. The AD group was defined as isolated articulation disorder, and the AD with language delay group was defined as AD overlapped with delayed language development.
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To evaluate whether the AD was due to delayed language development in the AD with language delay group, subgroup analysis was performed by adjusting the patients' expressive language age. After adjustment, the articulation function of children was reassessed to abnormal (≤-2 SD) and borderline to normal (>-2SD) groups, based on the number of normal consonants.
Statistical analyses
SPSS ver. 22.0 (IBM, Armonk, NY, USA) was used for statistical analyses. Differences between the two groups in gender, expressive language quotient, and receptive language quotient were assessed using the t-test. PCC, the number of normal consonants between specific age groups, were assessed using the independent t-test. The χ
2 test was used to analyze differences by age. The level of statistical significance was set at p<0.05.
RESULTS
Of the 117 children, 55 were diagnosed as AD and 62 were diagnosed as AD with language delay. The male to female ratios were 1.6:1 in the AD group, and 2.6:1 in the AD with language delay group. However, the difference was not statistically significant. With regards to age, 36 children (30.8%) were aged between 48−59 months, 28 (23.9%) between 60−71 months, 27 (23.1%) were 36−47 months, and 26 (22.2%) were ≥72 months, in descending order of frequency. No statistical difference in the distribution of age was observed between the two groups.
The expressive and receptive language quotients were 89.64±13.40 and 94.26±12.27, respectively in the AD group, and 56.57±12.00 and 61.83±13.35, respectively in the AD with language delay group. Differences were statistically significant in the expressive and receptive language quotients between the two groups (p<0.05). Also, the expressive language quotients were lower than the receptive language quotients in both groups, but their differences were not significant (Table 1) .
For the AD group and the AD with language delay group respectively, the mean PCC according to chronological age was 56.33±12.44 and 55.39±11.22 for age 36−47 months, 57.52±12.78 and 56.98±16.06 for age 48−59 months, 55.79±22.88 and 68.63±15.42 for age 60−71 months, and 83.90±10.13 and 74.62±15.33 for age ≥72 months. There were no statistically significant differences in PCC between the two groups according to age (Table 2 ).
In terms of the various consonants according to age, general order of decline in percentage of normal consonants was highest in nasal and plosive, followed by affricate, liquid, and fricative in all ages. This order was apparent in both AD and AD with language delay groups, for all age groups (Fig. 1) .
When comparing the number of normal consonants www.e-arm.org between the two groups, the percentage of both normal plosive and affricate consonants were higher in the AD with language delay group than in the AD group at the age range of 60-71 months (p=0.025 in plosive and p= 0.012 in affricate) (Fig. 1) . To evaluate whether the AD resulted from expressive language delay in the AD with language delay group, the subjects were adjusted to their expressive language age. In 62 children, 14 children (23%) still showed abnormal articulation, and 33 children (53%) were altered to borderline to normal articulation function. The remaining 15 children were categorized as unclassified, because their expressive language age was below 30 months of age, which was out of reference range for the APAC test (Table 3) . The acquisition of consonants was following the universal sequence of development in both groups. The percentage of normal plosive and affricate consonants per total number of each consonants was more in AD with language delay group than in AD group, in the age group of 60-71 months (p=0.025 in plosive and p=0.012 in affricate). AD, articulation dysfunction. *p<0.05 indicates values significantly difference from those of AD and AD with language delay group.
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DISCUSSION
High prevalence rates have been reported for communication disorders in children with various neurodevelopmental disorders [1] [2] [3] . Recently, there has been an increase in the number of children visiting the outpatient clinic with complaints of inaccurate pronunciation and delayed language development. One of the reasons could be the establishment of the referral system of the National Health Screening Program for Infants and Children, which started in November 2007 in Korea. According to the 2014 National Health Screening statistical yearbook, 3.2% of subjects were screened for further evaluation for delayed development through the Screening Program for Infants and Children, where many children screened were suspected of having communication problems.
According to the DSM-IV, communication disorders are classified into speech and language disorders. In the case of communication disorders, primary diagnosis is necessary to differentiate between speech and language domain [13] . Beitchman et al. [2, 14] reported a long term follow-up study of 5-year-old children with communication disorders, have concomitant attention-deficit/hyperactivity and anxiety disorders. Patients showed persistent anxiety and antisocial personality disorders even after 14 years. Therefore, to prevent long-term complications, precise as well as early intervention is required. Furthermore, speech disorders are considered to be symptoms of an underlying language-learning problem, indicating an early intervention in articulation disorder (the most prevalent speech disorder) is very important [13] . In clinical practice, when speech intervention is provided to children with phonological and articulation disorder, the therapeutic effect was proven in expressive phonological and expressive vocabulary difficulties [15] .
However, the distinction between speech and language disorders can be blurry in many cases [13] . Studies reported that children with developmental language disorder had accompanying articulation disorder, and children with inaccurate pronunciation had accompanying developmental language disorder [16] . Half of the preschoolers with articulation disorder also had a language disorder [17] . In our study, half the children with articulation disorder were diagnosed as AD overlapping with language delay. Thus, investigating children with any articulation problems should include not only the speech domain, but also the language domain. In our study, the male gender predisposition was noteworthy, and this tendency is in agreement with other reports, which indicate that speech and language problems are more common in males [16, 18] . However, there was no apparent difference in the expression of AD with or without language delay.
According to the universal sequence of learning a phonological system, children usually follow the general rule of acquiring nasal and plosive articulation quicker than affricate, liquid, and fricative articulations [19] . This universal sequence was also observed in Korean children, who showed complete acquisition of nasal and plosive articulation at the age of 2 years, acquisition of affricate articulation by the age of 3 years, and acquisition of liquid and fricative articulation by the age of 5 years [20] . In our study, the acquisition of consonants according to the universal sequence was shown in all subjects. This result shows that the developmental milestones of Korean consonants are still preserved in children with articulation disorder, even in cases overlapping with language delay.
In children aged 60-71 months, plosive and affricate articulation function were better in AD than AD with language delay group. These distinguishing features appeared in specific consonants and specific age groups, thereby making it difficult to generalize. To characterize detailed speech features in Korean children, more research is required regarding articulation disorders.
The authors had pondered if articulation development is directly related to language development in AD overlapping with language delay. Hence, the presence of AD was reassessed after adjustment with expressive language level. Half the children demonstrated appropriate articulatory function after adjustment, indicating that the therapeutic goal for these children should preferably focus on the improvement of expressive language development instead of focusing on articulation alone.
Many reports have been published regarding articulation disorder and its assessment, and therapies for children with articulation disorder are already well formulated [21, 22] . However, there are only a few studies on articulation disorder overlapping with language delay; therefore, its assessment and prognosis remains unclear. We reported on the speech and linguistic features of Korean children with developmental articulation disorder, and showed some heterogeneity of this group, and simi-www.e-arm.org larity and differences between AD and AD with language delay groups in this study.
This study has some limitations. Firstly, our study was conducted at one institute. Secondly, the subjects were evaluated cross-sectionally during developmental period, and could not be followed up longitudinally, making it difficult to illustrate the natural course of articulation disorder with or without overlap with language delay. Thirdly, children who could not undergo the standardized articulation assessment because of severe expressive language delay even in the presence of AD, were excluded.
In conclusion, the present study showed that children with articulation disorder have heterogeneous phenotypes of speech and language profiles. About half the children with AD have developmental language problems as well. All children showed a similar pattern of consonants acquisition, but the articulation of plosive and affricate consonants were better in children who overlapped with language delay.
Also, in the current study, for children with AD with overlapping problem of language delay, half the cases reverted to appropriate articulation function if adjusted with expressive language age.
Therefore, comprehensive speech and language assessment need to be considered, and the results should be interpreted carefully in children with inaccurate pronunciation for exact diagnosis and proper treatment planning.
